igua [Glover] infestations were minor. As a result of this relatively insect-free environThis study evaluated implications of iecnvirnment, cotton in the Texas High Plains was creased bollworm problems in a 20-county ment n theTexasHighPlaswas areased bo llworm problems insr a 20-tcounty typically characterized by a low cost of proarea of the Texas High Plains relative to cot-duction with limited introduction of insecton yields and economic impact. Results did ticides into the environmenti not indicate a serious effect of bollworms ince o rm inesin in c
areased bo llworm problems insr a 20-tcounty typically characterized by a low cost of proarea of the Texas High Plains relative to cot-duction with limited introduction of insecton yields and economic impact. Results did ticides into the environmenti not indicate a serious effect of bollworms ince o rm inesin in c
Since 1975, bollworm infestations in cotupon lint yield when insecticides were used n e eome mor r in the for control. However, estimated annual re-reon In 980 about m ionacreswere duction in farmer profit due to the bollworm affected with bollworms (Leser) Costs of for 1979-81 was over $30 million Yields production were affected and serious quesere estimated to decline about 300,00 o tions were raised about economic advantages 30,000 bales witho insecticide use and about o producing cotton in the region. Heavy 30,000 bales with insecticide use. This de-bollworm infestations also caused a relatively dine suggests potentially serious implica-large increase in quantities of insecticides tions for the comparative economic position introduced into the environment. At present of cotton in this region if insecticide resist-there is no evidence of insecticide resistance ance were to develop among insect pests.
b bollworms in the region. However, re-
The cropping system in this area has under-sorghum, and forage sorghum are the most gone extensive changes with large shifts in common annual crops grown in the area. acreage of the major field crops. A ten-fold During the period 1970-1981, planted increase in corn acreage during the 1969-acreages for dryland and irrigated cotton for 1981 period provided an early host plant for the region's 20 counties averaged 1.3 million a bollworm population buildup prior to cot-and 1.7 million, respectively. During the same ton reaching the blooming stage. For the same period, the region's yield per planted acre period, a 50 percent reduction in grain of dryland and irrigated cotton averaged 243 sorghum acreage may have removed a po-and 378 pounds, respectively. Cash receipts tential source of beneficial arthropods. Pres-from farm marketing for crops were about ently, sorghum acreage is so limited that it $1.2 billion in 1982. The corresponding figis doubtful whether beneficial insects pro-ure for livestock and livestock products was duced with this crop are having much impact about $360 million (Texas Crop and Liveon minimizing late season pest problems in stock Reporting Service, 1983) . cotton. In areas where corn had replaced grain M DS sorghum, cotton acreage more than doubled due to favorable growing and pricing conThis study was designed to evaluate imditions. This additional cotton acreage is in plications of increased bollworm infestation an area where bollworm damage risks would levels on the southern High Plains of Texas be highest because of its proximity to corn, relative to cotton yields and economic imthe shortness of the growing season, and large pact irrigated acreages. Other important factors which may have a role in increasing boll-armer Survey worm outbreaks include: (1) hot dry weather for several years, (2) increased pesticide use
The study was based on responses from in other crops, (3) decreased beneficial ar-cotton producers in a 20-county region. A thropods activity, and (4) attempts to harvest sample of 30 representative cotton farmers a late crop of bolls on cotton (Leser) .
per county was selected and mailed a quesThe purpose of this study was to estimate tionnaire by the county agricultural agent of the economic impact of the increased pres-the Texas Agricultural Extension Service. The sure of bollworms on cotton output, farmer questionnaire was designed by a researcher profit, and insecticide use for the Texas High at Texas A & M University in consultation Plains. The study has economic implications with Extension Service personnel. The initial for farmers and scientists concerning the ap-mailing contained 600 questionnaires of praisal of bollworm problems and future pro-which 297 were completed and returned. duction and research decisions. This constituted a 49 percent response rate.
STUDY AREA
The total questionnaire basically included questions: (1) to characterize the bollworm The study area included 20 counties of the problem and other insect pest infestations, Southern High Plains of Texas and is char-(2) related to general crop production, (3) acterized by medium-to-fine textured soils. concerning production during the 1979-1981 These soils are capable of high yields, but period, and (4) concerning personal infortheir productivity is limited by low rainfall, mation. The survey covered the 1979-1981 high winds, temperature extremes, and a short cotton production years. growing season. Average annual rainfall ranges A summary of the responses of cotton profrom 14 to 21 inches, with the growing sea-ducers to each questionwas provided in a son averaging from 180 to 220 days. Water sfor irrigation omes from th e Ogallala aqupreliminary report by Sellar et al. The present for irrigation comes from the Ogallala aquieconomic antatisfer. study includes detailed economic and statisThe High Plains region has 34 percent of tical analysis with grower responses sepathe total cropland and approximately 70 per-rated between dryland and irrigated cotton cent of the irrigated cropland in Texas. The production and by geographical area. The region also produces about 78 percent of the analysis required additional data on dryland fed cattle in Texas (Texas Department of and irrigated cotton budgets, monthly rainWater Resources). Cotton, corn, grain fall, and first fall frost dates. 118
Cotton Yield Response Model
contributing to increased bollworm probTo estimate the yield and economic damage lems in cotton since corn provides an ideal, attributable to bollworms on cotton, dryland early host plant for bollworm population and irrigated cotton yield response models buildup prior to cotton entering the bloomwere specified. Dryland cotton yields were ing stage. In this study, corn acreage was assumed to be influenced by bollworm in-used as a dummy variable for both the dryland festation levels, rainfall (timing and amount), and irrigated cotton yield functions, being a number of frost free days after planting, corn for those producers who did not plant corn acreage, and number of times cotton fields ad a 1 for producers who did. were treated by insecticides. Similarly, irriInsecticides such as Pounce®, Ambush®, gated cotton yields were assumed to be in-Pydrin®, and Dipel® are applied to control fluenced, in addition to all of the variables bollworm infestations in cotton. The insecspecified previously, by the number of irri-ticide variable was included in the model gation applications (pre-plant plus number based on the number of times a field was of post-plant applications). Several func-treated. One insecticide treatment included tional forms were considered, including sec-about 0.125 pounds of active ingredient (A.I.) ond degree polynomial and log-linear per acre.
functions. Preliminary regression results for
Observations on pre-plant and post-plant both yield response models showed that the irrigation were recorded from the farmer surdata were characterized by autocorrelated vey. The pre-plant irrigation was included as residuals. For this reason, a first degree po-a dummy variable with 0 for application and lynomial model for dryland cotton and first 1 for non-application. The post-plant irridegree polynomial model with linear and gation was related to the number of times quadratic rainfall variables for irrigated cot-cotton fields were irrigated. Yield data by ton were estimated using autoregressive pro-year for both dryland and irrigated cotton cedures and assuming the error term for each were provided by cotton growers in the surmodel to be an autoregressive process of the vey. order NLAG= 1 (SAS/ETS User's Guide).
Analyses were performed using several al-A major source of data for estimating the ternative specifications for the dryland and models was the information provided by cot-irrigated yield response models, Table 1 . Of ton growers in the survey. Some 70 percent the model specifications, the coefficient for of the cotton farmers in the region indicated the yield effect due to bollworm infestation that the bollworm is the insect pest which was negative and ranged between 0 and -13 causes the greatest damage to the cotton crop for dryland cotton and between -23 and -40 during an average year. Bollworm infestations for irrigated cotton. Similarly, the coefficient were rated by producers as light, moderate, for the total insect treatment was positive -or heavy during the 1979-1981 period, and ranged between 42 and 51 for dryland Monthly rainfall records by county for the cotton and 49 to 57 for irrigated cotton. The period 1979-1981 were obtained from the method of using many model specifications U.S. Department of Commerce. Records for in regression analysis to identify the impact first fall frost date by county for 1979-1981 of a variable or policy such as the bollworm were taken from published sources (U.S. De-infestation level or total insect treatment is partment of Commerce). Planting dates for discussed by Ziemer. Basically, the objective dryland and irrigated cotton were obtained is to concentrate on a single variable of infrom farmers for each year from the survey. terest without being overly concerned with The difference between planting date and first other variables and not relying on their esfrost day was the estimate of frost free grow-timated coefficients. It is important that the ing days applicable to each grower in each policy variable be constant in sign and the year.
nearer the upper and lower bounds of paThe importance of corn has increased dra-rameters over many specifications, the more matically since 1970. In 1976-77, corn confident one can be about inferences made acreage was near 1.4 million acres declining from results. A recent study by Masud et al., to about .6 million acres in 1982 (Texas 1985b , used this method to evaluate eco- Crop and Livestock Reporting Service, 1983) . nomic implications of a regional uniform Corn has been discussed as a possible factor planting date (UPD) cotton production sys- tem on the Texas Rolling Plains and mainly For dryland cotton, a 12-pound yield deconcentrated on the UPD variable.
crease for light infestation, 24-pound for For estimation, data provided from the sur-moderate infestation, and 36-pound for heavy vey (farmer data) included: (1) bollworm infestation per acre were estimated. The corinfestation level, (2) corn acreage on farm, responding yield decline values for irrigated and (3) number of insect treatments, pre-cotton were 25, 50, and 75 pounds per acre plant irrigation, and post-plant irrigation. for light, moderate, and heavy bollworm inFrost free growing days were calculated for festations, respectively. each year by farmer as the time from the The estimated insecticide treatment coeffarmer's planting date to the first frost date ficient suggest that farmers harvest an addiin the county. County data used for all farmer tional 51 pounds of dryland cotton and 56 surveys in the county included (1) rainfall pounds of irrigated cotton per insecticide in October, November, and December lagged application per acre relative to those farmers one year and (2) rainfall in February, March, not applying insecticide. The average number and April. About 27 percent of the variation of applications in the study area was less than in dryland cotton yield and 36 percent of one. The implication is that cotton farmers the variation in irrigated cotton yield on the obtain effective bollworm control via insecTexas High Plains was explained by the two ticides but do not require them every year yield models, Table 1 . Other variables such on each acre. The average insecticide maas blowing sand, hail, etc., which are im-terial and application cost is assumed to be portant in explaining yields in the region $9.50 per acre for the study region (Extenwere not included because of a lack of data. sion Economists-Management). The estiHowever, using the variables that are in-mated pre-plant irrigation coefficient indicates cluded in the model provides defensible dry-that per acre yields were reduced about 30 land and irrigated cotton yield functions for pounds when a pre-plant irrigation was not the Texas High Plains. All estimated coeffi-applied in the field. Each post-plant irrigation cients have signs which conform to expec-of cotton fields was estimated to increase tations.
yield by about 49 pounds per acre. The estimated model indicated yield is in-
The estimated coefficients for other refluenced by several factors. The bollworm maining variables, such as rainfall and frost infestation is estimated to decrease cotton free days after planting, in both the dryland yields, while insecticide use increases yield. and irrigated cotton yield models suggested 120 that lint yields are typically increased for the 1979-1981 period are discussed as folevery day that is frost free after planting. The lows. equation also emphasizes the importance of equation also emphasizes the importance of (1) Yield loss for alternative levels of bollwinter and early spring rainfall in increasing worm infestation is evaluated in terms of dryland and irrigated cotton yields.
actual and potential loss.
(i) Potential production loss (no insecticide use) may be represented as: Farmer Impact A Farmer Impact PYLijk = (bil * BWINFSTijk) * ACRESijk, Published crop enterprise budgets for dry-where: land and irrigated cotton production on the Texas High Plains provided the base data for PYi = estimated pounds of potential economic evaluation (Extension Economistscotton lint loss attributable to Management). The crop budgets indicate the bollworms assuming no inseclevel of input use and expected production ticide (bollworm control) by or yield. These crop budgets were modified dryland or irrigated production for alternative levels of bollworm infestation, (i), level of bollworm infestabased on farmer survey data and results of tion (), and year (k), the yield response models, to estimate per bi estimated per acre lint yield acre economic implications for dryland and reduction associated with bollirrigated cotton. The major variables affected worm infestation on dryland by bollworm infestation were yield and har-(-12.269) or irrigated vest, insecticide, and labor costs. By com-(-24.751) cropland, paring the alternative crop budgets developed i w for alternative levels of bollworm infestation, BWINFST or bollworm infestation changes in farmer profit were estimated.
(1,2, and oe irrigated, and year, and ACRESijk = total acres of dryland and irriAggregate Economic Impact gated (i), level of bollworm infestation (j), and year (k) esThe estimated per acre yield and producer tablished by using the proporcost effects of alternative levels of bollworm tion y ares in each infestation were aggregated across all cotton category against published toacres by year for dryland and irrigation protal dryland and irrigated acres duction to estimate the total potential (no harvested each year. pesticide use) and actual (best pesticide estimates) yield loss, and grower profit change.
The estimate of PYLijk provides the basic However, it was assumed that bollworm in-information for summing potential cotton lint However, it was assumed that .lwr i losses due to bollworms for dryland and/or 'festations in the Texas High Plains cover such irrigated production by level of infestation a small region as compared to the total cotton or across all bollworm infestation levels by producing areas that any change in cotton or across years. The PYL estimate with no output was sufficiently small so as to not bollworm control measures by farmers is an affect market prices. cotton production, by level of Results are presented relative to the aubollworm infestation and year, calculated from the responses toregressive analysis which provided estion the growers survey appli-mates of yield decline for dryland and irrigated cable to each category. cotton due to bollworm infestations. This was used to establish the effect on farmer profits As previously discussed, YLick may be in conjunction with the change in insecticide summed to estimate the actual cotton lint reduction for 1979-1981 by dryland and/or reduction for 1979-1981 by dryland and/or use. Lastly, the implication for the region irrigated production and by or across level was developed for each year 1979-1981, of bollworm infestation.
based on acres in each bollworm infestation level classification. (2) Quantity of insecticide (A. I.) applied may be represented as:
Farmer Impact
where:
The cotton yield response models demQAIik = pounds of active ingredient of onstrate the effect of bollworm infestations insecticide applied for boll-and insecticide applications on dryland and worm control by dryland or ir-irrigated cotton yields for the Texas High rigated production, level of Plains. However, a critical issue is whether bollworm infestation, and year, costs and returns of cotton producers were and affected. A budgeting analysis was used to AI = average pounds of active ingre-examine the per acre implications for dryland dient of insecticide per acre. and irrigated cotton with typical production situations and alternative levels of bollworm (3) Producer net return reduction may be infestations in the region. represented as:
infestations in the region. represented as:
Analysis of dryland and irrigated cotton TNRiJk = (NRi -NRBWj) · ACRESiJk, enterprise budgets in the region suggested where: that bollworm infestations resulted in lower returns per acre as compared to the respecTNRijk = estimated reduction in pro-tive typical production situation, Table 2 . ducer net returns by dryland or Returns over variable costs for dryland cotton irrigated production, level of with light, moderate, and heavy bollworm bollworm infestation, and year, infestations were estimated to be reduced by NRi = expected producer net returns $4.48, $7.62, and $8.82 per acre, respecper acre in the absence of boll-tively, as compared to the dryland cotton worms by dryland and irrigated budget with no infestation. Similarly, returns production, and over variable costs for irrigated cotton with NRBWij = expected producer net returns Rpeacted proucer dryand or ir-light, moderate, and heavy bollworm infesper acre under dryland or ir-' rigated production at alterna-tations were reduced by $7.68, $8.75, and tive levels of bollworm $13.45 per acre, respectively, as compared infestation. This was calculated to the no infestation (pre-bollworm), irriby modifying cotton enterprise gated cotton budget, Table 2 . These estimates budgets for changes in yield, are measures of direct farmer loss due to the insecticide cost, and harvest-bollworm infestation and subsequent insecing, gin, bag, and ties costs. ticide application to control the bollworm. Per acre reductions in profit for irrigated gated cotton producers applied about twice farmers with alternative bollworm infesta-as much insecticide as dryland cotton protions are greater because of higher insecticide ducers in each year during this period (Masud costs as compared to dryland farmers with et al., 1985a). For example, it was estimated similar bollworm infestations.
that cotton producers who irrigated applied Insecticide application, quantity, fre-an average annual quantity of 220 thousand quency, and costs for dryland and irrigated lb./AI of insecticide as compared to 108.2 cotton with alternative levels of bollworm thousand lb./AI for dryland farmers during infestation are presented in Table 3 . In gen-the 1979-1981 period. Aggregating dryland eral, the estimated quantities of insecticide and irrigated insecticide applications, it was applied per acre for irrigated cotton with estimated that 262.4 thousand lb./AI in 1979 light, moderate, and heavy bollworm infes-as compared to about 363.9 thousand lb./AI tation are higher as compared to correspond-in 1980 and 358.3 thousand lb./AI in 1981 ing infestation levels for dryland cotton. were used. Thus, an estimate of average anConsequently, per acre costs of bollworm nual quantity of insecticide use was about control for irrigated cotton with light, mod-328.2 thousand lb./AI in the region, Table  erate , and heavy bollworm infestations are 4. higher by $1.66, $6.15, and $4.63, respectively, as compared to the corresponding inWhen insecticides were used for bollworm festations for dryland cotton, Table 3. control, the estimated dryland and irrigated cotton yield loss was greatly reduced as compared to the yield loss when no insecticides Aggregated Economic Impact were used during this period. For dryland cotton production, estimated lint losses due Per acre insecticide applications were ag-to bollworms were 19,437 bales, 93,661 gregated across acres in each bollworm in-bales, and 109,723 bales, respectively. The festation classification for dryland and corresponding values of lint production loss irrigated cotton to estimate total pounds of for irrigated cotton were 14,699 bales, 12,899 insecticide applied in the region for the years bales, and 8,932 bales during the 1979-1981 1979-1981 . The analysis indicated that irri-period as compared to the potential (no pes- This study examined the economic impact annual production loss was 31,764 bales as of bollworms upon cotton production in a compared to the estimated average annual 20-county area of the Texas High Plains durproduction loss of 302,489 bales if insecti-ing the 1979-1981 period. Dryland and ircides had not been used during the 1979-rigated cotton yield response models were 1981 period, estimated using autoregressive procedures The no insecticide use (no bollworm con-with data from a farmer survey and secondary trol) scenarios resulted in large yield and sources. The estimated models were then consequently profit impacts, possibly large used to establish per acre effects for estienough to affect cropping patterns and lint mating regional economic impacts attributprice. Cropping pattern or lint price effects able to bollworm infestation. were not considered and thus the results Analyses did not indicate a serious effect represent an upper limit on potential impacts of bollworms upon lint yield when insectiof the bollworm. cides were used for control. However, conThis analysis illustrates the severity of the sideration of the estimated yield impacts when bollworm problem and the necessity of ap-no insecticides were used indicates that if plying insecticide to control bollworms to bollworm resistance to insecticides were to reduce yield losses in the region. However, develop, the temporal implications could be increased insecticide use also increases pro-dramatic. There were no indications of such duction costs and results in lower profits for a development but if the bollworm were to cotton producers than would occur without bollworm infestations. Aggregate reduction develop greater resistance to insecticides, bollworm infestations. Aggregate reduction higher yield losses would be incurred and in profits to dryland and irrigated cotton pro-higer yield losses ould be increased. Table 4 . By simply averaging across years, sistance were to occur. 124
